Sulfur Diimides, Bis(amino)stannylenes, Redox Reactions, Spiro-Tin Compounds, X-Ray N,N'-Dialkyl sulfur diimides (1), R(NSN)R [R = Me (a), Et (b), "Pr (c), "Bu (d)] react with cyclic bis(amino)stannylenes such as l,3-di-ter/-butyl-4,4-dimethyl-1,3,4,2A2-diazasilastannetedine (2) or l,3-di-terr-butyl-4,4,5,5-tetramethyl-l,3,4,5,2A2-diazadisilastannolidine (3) in a 2:1 ratio to give the new spiro-tin(IV) compounds 5a-d, 6b and 6c, built from the respective cyclic bis(amino)stannylene and a seven-membered ring in which the two sulfur diimide groups are coupled via a N-N bond and across the tin atom. A 1:1 adduct 4 is proposed as an intermediate which is the final product 4e in the case of R = 'Bu (le). The products were characterized by multinuclear magnetic resonance ('H, 13C, i5N, 29Si, ll9Sn NMR) , and in the case of 5c the molecular structure was determined by single crystal X-ray structure analysis [monoclinic, space group C2/c ; a = 1504.1(3), b = 1393.3(3), c = 1688.6(3) pm; ß = 115.71(3)°].
Introduction

Results and Discussion
Sulfur diimides are well known to form adducts with Lewis acids [1, 2] and to take part in re dox reactions [1, 3] . Therefore, tin(II) compounds should be suitable candidates to study the reac tivity of sulfur diimides. It has been shown that bis(amino)stannylenes can behave both as Lewis acids [4, 5] or Lewis bases [6] , and that they are readily converted to Sn(IV) derivatives by oxida tive addition [7] . In continuing our studies on the properties and reactivity of sulfur diimides [3, 8] and bis(amino)stannylenes [9] , we report here on the reactions of N,N'-dialkylsulfur diimides 1 with the cyclic bis(amino)stannylenes 2 and 3. 
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Synthesis
The starting materials 1 [10] , 2 [11] and 3 [12] are readily obtained following literature procedures. Since le is the most stable and also the most conve niently accessible sulfur diimide in the series la-e, the reaction between le and 2 was studied first. The product 4e was obtained as an air-and moisturesensitive yellow solid [m. p. 57°C, without decom position; cf. le and 2 (m. p. 5°C) are liquids at room temperature], as the result of a 1:1 reaction eq. [ (1)], Compound 4e dissociates in solution al most completely into the sulfur diimide le and the stannylene 2. The interaction between le and 2 in hexane solution becomes evident only from colour changes (yellow to orange after addition of 2 to a hexane solution of le at -78°C) and from low tem perature 1I9Sn NMR spectra. After dissolving the solid adduct 4e, the <5119Sn values at different tem peratures are not identical with those of a solution of pure 2 [e. g., 4e: <5119Sn (-55°C) = +517.2 and 2: <5119Sn (-55°C) = +560.3]. Heating of the hexane solution to reflux for several hours does not induce further reactions.
Since it can be assumed that the apparently weak bonding between le and 2 is the result of steric hindrance, the sulfur diimides la-d were used. An 0 9 39-5 0 7 5 /9 5 /1 2 0 0 -1 8 1 1 $ 06.00 © 1995 Verlag der Z eitschrift für N aturforschung. All rights reserved. K Table I . 13C-, 14/ 1''N-and 1 l9Sn NMR datala| of the spiro-tin compounds 5 and 6. Even on the basis o f a fairly complete set of 'H, l3C, 15N, 29Si and 119Sn NMR data (see Table I and Experimental) for most o f the compounds 5 and 6 , it was not possible to assign their structure in solu tion with certainty. Although spiro-tin compounds with the structure A were potential candidates, this structure could be ruled out because o f the 2:1 stoichiometry. A structure B for 2:1 adducts seemed possible, or a spiro-tin form C. In C. the S -S bond could have been formed in the course o f a redox reaction leading to Sn(IV). Finally, the result o f the X-ray crystal structure analysis o f 5c (vide infra), together with the extensive set o f NMR data (Ta ble I), suggested that all compounds 5 and 6 should have the same type o f the rather unexpected m olec ular structure where Sn(II) was oxidized to Sn(IV), two S(IV) were reduced to two S(II), and a N -N bond was formed by oxidation. One way to explain the formation o f 5 and 6 is to consider an insertion o f a sulfur diimide into the S n -N bond of the fourmembered S'nNSN ring in A. On the other hand, an
intramolecular redox reaction of the 2:1 adduct B could lead to 5 and 6, either directly or via another intermediate such as C. Table II . Experimental data related to the single crystal X-ray analysis of 5c.
Since it is conceivable that potential intermedi ates possess structures like 4 and/or A -C, the reac tions were monitored by 119Sn NMR measurements, as shown in Fig. 1 . In addition to the 119Sn NMR signal for the final product, two other 119Sn reso nances close to <$ll9Sn = 0 were observed in some cases. For R = "Pr, these signals could be detected only for a few minutes at room temperature. For smaller groups R, the reactions appear to be com plete already at -50°C. The <5119Sn values close to <5119Sn = 0 may represent 1:1 adducts (4) or 2:1 adducts (B), but not the compounds with the struc tures A or C, for which higher 119Sn nuclear shield ing is to be expected (see <5' 19Sn values in Table I ).
X-Ray analysis o f the spiro-tin com pound 5c
Data relevant to the X-ray structure determina tion of 5c are given in Table II 
NMR spectroscopic results
1H a n d 13 C NMR. -The assignment of the 'H a n d 13C NMR signals is based on 2D l3C /'H heteronuclear shift correlations, together with the detection of satellites due to y ( " 9S n'H ) and i ( " 9Snl3C). If the symmetry of the solid-state molecular structure (C2 axis passing through the middle of the N -N bond, the tin and the silicon atom in 5c) is retained in solution, and if a comparable structure is as sumed for compounds 6 (the C-, axis would then pass through the middle of the Si-Si bond in 6), one expects the following prominent features in the 'H NMR spectra [15] : (i) In the case of 5, there should be separate signals for the diastereotopic protons of the CH2 groups, but only a single 1H resonance for the SiMe2 protons; (ii) in the case of 6, the analogous pattern is expected for the 'H (CH 2) signals, but the SiMe2 protons should give two 'H NMR signals. This is actually observed for all compounds stud ied (see Fig. 4 for 6c) , and it is confirmed by the l3C NMR data (one l3C NMR signal for the SiMe2 group in 5 and two 13C(SiMe) resonances in 6). 15N NMR. -The l5N NMR measurements of 5 and 6 at natural abundance were carried out within reasonable time when it proved possible to apply polarization transfer techniques, e. g. INEPT [16] , based on long-range coupling constants nJ(l5N { H ) . This was straightforward in the case of rBuN groups, but for other RN groups, some of the measurements were rather time-consuming, in particular for the de tection of ll7/ll9Sn or 29Si satellites. This explains why some l5N NMR data are missing in Table I . The proposed structures for 5 and 6 require three 15 N res onance signals, all shifted to lower frequencies with respect to sulfur diimides [8, 10c] . The 15N nuclei of the hydrazine moiety should be deshielded as com pared to the other nitrogen atoms, and satellites due to coupling with 117 ll9Sn or 29Si are likely to be absent. O f the two other 1 s N signals, one should pos sess both 117 ll9Sn and 29Si satellites, representing
'Pr the nitrogen atoms in the four-or five-membered ring, and the other should be accompanied only by 117/ |19Sn satellites since it belongs to the sevenmembered ring. This has indeed been observed for several examples (see Table I ), and a representative 15N NMR spectrum is shown in Fig. 5 . In general the sign of './(119S nI5N) is nega tive in trialkyl(amino)tin(IV) compounds, passes through zero in bis(amino)tin(IV) compounds and becomes positive in tris-and tetrakis(amino)tin(IV) compounds [17, 18] . However, in the case of four-membered rings, such as in compounds 5, 7(119S n15N) is small and may be of either sign. Because of the smaller polarizability of the S i-N bond (as compared to Sn-N) the 17(29S il5N) values for 5 are in the expected range [17] . Small val ues '7 (29S i15N), as found for 6c, are typical of 1,2-bis(amino)-tetramethyl-disilanes [19] , and in these cases29Si satellites according to 2J (29S il5N) are also frequently observed. 29Si and 1,9Sn NMR. -The <529Si values for 5 and 6 are found in the typical range for such com pounds [20] , As observed for other four-membered SiNSnNrings [21] , the magnitude of the geminal coupling constant 27(119Sn29Si) is very small in 5. In the case of compound 6, there are two different coupling pathways across two and three bonds in the five-membered ring. The three-bond contribu tion dominates and gives rise to fairly large values 2/ ( ll9Sn29Si) (6b: 69.8 Hz; 6c: 71.8 Hz).
The < §119Sn values of 5 and 6 are typical of tetrakis(amino)tin compounds [22] . The reduced ll9Sn nuclear shielding in 6 as compared to 5 is noteworthy. It appears to be a general phenomenon that 119Sn nuclear deshielding is observed if the tin atom is part of a five-membered ring [22, 23] , irre spective of the nature of the other ring atoms.
The consistent set of NMR data for the spirotin compounds 5 and 6 in solution indicates that the main features of the molecular structure, as de termined for 5c in the solid state, are retained in solution. So far, the sensitivity of the adduct 4e and also of the compounds 5 and 6 has prevented the ap plication of solid-state NMR for comparing liquidand solid-state NMR data.
Experimental
All synthetic work and handling of samples was rou tinely carried out in an inert atmosphere (Ar or N2). The starting materials were either commercial products or pre pared as described earlier for 1 [ 10] , 2 [ 11 ] and 3 [12] , NMR measurements (in 5 mm tubes at 25 ± 1 °C, if not mentioned otherwise; see also A solution of 0.87 g (5 mmol) of le in 20 ml of hex ane is cooled to -78°C, and a solution of 1.6 g (5 mmol) of 2 in 10 ml of hexane is added dropwise. The yellow colour changes immediately to orange. After warming to room temperature and removing of the solvent, 2.47 g of 4e remains as a yellow solid (m. p. 57 °C without de composition). Compound 4e dissolves readily in hexane, toluene or benzene where it dissociates into le and 2. The adduct 4e can be recovered completely if the solvents are removed. 7,8,10-Tetraalkyl-L3-di-tert-butyl-2,2-dimethyl-6 a 2\ 2,9a2\ 2-dithia-1,3,5,7,8,10-hexaza-2-sila-4-stannaspiro[3,6Jdecanes (5a-d) A solution of 10 mmol of the sulfur diimide 1 in 50 ml of hexane is cooled to -78°C and a solution of 1.6g (5 mmol) of the stannylene 2 in 30 ml of hexane is added dropwise. An intense red colour develops immedi ately. Upon warming to room temperature, the solutions become colourless, and stirring is continued for further 24 h before the solvent is removed in vacuo. The residues are almost colourless solids which are recrystallized from a small amount (« 5 ml) of hexane or pentane at -78°C. This process has to be repeated several times in order to get pure, colourless and crystalline material (yield: 22-25%). 
5,
